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INTEGRATED BOOST-ASYMMETRICAL 
HALF-BRIDGE CONVERTER 

BACKGROUND OF INVENTION 

1. Field of Invention 

The present invention relates generally to power conver 
sion and, more generally, to DC-DC sWitch-mode poWer 
converters. 

2. Description of the Background 
DC-to-DC poWer converters are poWer-processing cir 

cuits that convert an unregulated input DC voltage to a 
regulated DC output voltage. There are tWo basic method 
ologies for accomplishing regulated poWer conversion. The 
?rst is called “linear regulation” because the regulation 
characteristic is achieved With one or more semiconductor 
devices operating in the linear region. Linear regulators 
provide the advantages of simplicity, loW output noise, fast 
response times, and excellent regulation. They may, 
hoWever, be unacceptably inef?cient in certain applications. 
The second methodology is called “sWitch-mode” 

conversion, Which, in contrast to linear regulation, offers the 
poWerful advantage of high ef?ciency. In this case, the 
voltage conversion is achieved by sWitching one or more 
semiconductor devices rapidly betWeen their “on” (or 
conducting) state and their “off” (or non-conducting) state 
such that the appropriate amount of energy is transferred to 
the load. This principle is called pulse Width modulation 
(PWM). 

SWitch-mode DC-to-DC poWer converters typically 
include an inverter, a transformer having a primary Winding 
coupled to the inverter, and a recti?er circuit coupled to a 
secondary Winding of the transformer. The inverter typically 
includes an actively controlled semiconductor sWitch that 
converts the DC input voltage to an alternating voltage, 
Which is magnetically coupled from the primary Winding of 
the transformer to the secondary Winding. The recti?er 
circuit recti?es the alternating voltage on the secondary 
Winding to generate a desired DC output voltage. An output 
?lter is also typically included to smooth the output voltage 
and/or current. 

To achieve high ef?ciency and high performance poWer 
conversion, it is desirable to use loW voltage rating sWitch 
ing devices for better sWitching and conduction character 
istics. It is also desirable to employ converter circuits With 
relatively continuous poWer transfer to alleviate the need for 
heavy ?ltering for the output and/or input. 

One knoWn sWitch-mode converter is the single-ended 
forWard converter With a passive reset circuit. Such a circuit 
topology, a resonant-reset forWard converter, is illustrated in 
FIG. 1. When the primary side poWer sWitch O1 is turned on, 
the input voltage Vin is coupled to the secondary side of the 
converter through the transformer T1. The secondary side 
voltage is recti?ed to provide the DC output voltage VOW. 
When the primary side poWer sWitch O1 is turned off, the 
magnetiZing ?ux of the transformer T1 is reset by the 
voltage appearing on the resonant capacitor Cr, and the 
output choke current free Wheels through the recti?er D2. 
Typical Waveforms for the input current Ii” and the recti?ed 
voltage VreC for the resonant-reset forWard converter of FIG. 
1 are illustrated in FIG. 2. 

The major draWback of this type of converter is that the 
voltage stress on the semiconductor devices, such as the 
sWitch O1, is very high. Thus, semiconductor sWitches With 
higher voltage ratings ordinarily have to be utiliZed. In 
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2 
addition, the resonant-reset forWard converter is not very 
ef?cient With synchronous recti?cation, discussed later, 
especially for Wide input voltage ranges and large load 
variations. 

Another knoWn sWitch-mode converter, the active-clamp 
forWard converter, is illustrated in FIG. 3. This type of 
converter includes a series-connected reset sWitch Q2 and a 
resonant capacitor C, connected in parallel With a Winding 
of the transformer T1, in this case the primary Winding. The 
reset sWitch Q2 and capacitor Cr form a “reset circuit” that 
actively resets the transformer T1. Typical Waveforms for 
the input current Iin and the recti?ed voltage VreC for the 
active-clamp forWard converter of FIG. 3 are illustrated in 
FIG. 4. 
The active-clamp forWard converter reduces the voltage 

stress on the active sWitching elements (such as the sWitches 
Q1 and Q2), thereby permitting the usage of loW voltage 
rating devices. HoWever, as far as the input current Ii” and 
output voltage VOW are concerned, both the resonant-reset 
forWard converter and the active-clamp forWard converter 
have pulsating input and output poWer as illustrated in FIGS. 
2 and 4, respectively, Which necessitate bulky ?ltering 
components. 

Another knoWn sWitch-mode converter, the forWard 
?yback converter, alloWs the transformer ?ux to operate 
under a dc bias condition and has a continuous recti?ed 
output voltage. Its input current, hoWever, remains pulsat 
ing. It is also knoWn to use a separate boost inductor With a 
half-bridge converter to achieve both smooth input current 
and output voltage. The boost inductor, hoWever, is gener 
ally bulky in order to achieve the continuous-current mode 
operation. 

Another aspect to achieve high ef?ciency for sWitch-mode 
converters has been the replacement of the conventional 
recti?er diodes in the recti?er circuit (such as the diodes D1 
and D2 in the converters of FIGS. 1 and 3) With MOSFETs, 
Which have extremely loW conduction losses. The “self 
driven” scheme of synchronous recti?cation, Which uses the 
secondary Winding voltage to drive the recti?er MOSFET 
directly or feed a gate driver circuit for the MOSFET, is 
knoWn to be simple, effective, and cheap. In order to use 
such a self-driven mechanism, it is preferable that the 
Winding voltage on the secondary side be Well balanced in 
the Whole operating range. 

In vieW of the preceding, there exists a need in the art for 
a high ef?ciency and cost-effective sWitch-mode converter 
that uses loW voltage stress semiconductor devices, provides 
smooth poWer transfer Without bulky ?lters, and is able to 
use the effective self-drive technique for the recti?er MOS 
FETs. 

BRIEF SUMMARY OF THE INVENTION 

The present invention is directed to a DC-DC sWitch 
mode poWer converter. According to one embodiment, the 
converter includes a transformer having ?rst and second 
series-connected primary Windings, a ?rst capacitor con 
nected in series to the second primary Winding, a ?rst sWitch 
for cyclically coupling an input voltage to the ?rst and 
second primary Windings, a second capacitor, and a second 
sWitch for cyclically coupling the ?rst and second primary 
Windings to the second capacitor. The converter may also 
include a recti?er circuit coupled to the transformer, Wherein 
the recti?er circuit includes a pair of self-driven synchro 
nous recti?ers. 

According to another embodiment, the converter includes 
a boost converter, including the ?rst primary Winding of the 
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transformer, the ?rst and second switches Which, When 
energized alternately, create a current in the ?rst primary 
Winding, and the second capacitor connected to the second 
sWitch. In addition to the boost converter, the converter also 
includes an asymmetrical half-bridge converter, including 
the second primary Winding, the ?rst and second capacitors, 
the ?rst and second sWitches, a secondary Winding of the 
transformer, and a secondary circuit coupled to the second 
ary Winding. The secondary circuit may include a recti?er 
circuit including a pair of self-driven synchronous recti?ers. 

Embodiments of the present invention provide many 
advantages and improved features relative to prior art 
sWitch-mode poWer converters. For instance, the present 
invention alloWs loW voltage rating MOSFETs With 
improved sWitching and conduction characteristics to be 
utiliZed, thus providing enhanced efficiency. An additional 
feature of the present invention is that the output voltage is 
continuous. As a result, smaller output ?lter components 
may be utiliZed. A further feature of the present invention is 
that the input current has less ripple components Without 
using an extra magnetic component; therefore, small input 
?lter components may be utiliZed. Additionally, self-driven 
synchronous recti?ers may be used for the recti?er circuit of 
the present invention, thereby realiZing the enhanced ef? 
ciency associated thereWith. Furthermore, the second pri 
mary side sWitch may turn on at a Zero voltage condition, 
and the ?rst primary side sWitch, Which processes the full 
input poWer, turns on at loWer voltage stress, thus realiZing 
further ef?ciency bene?ts. These and other bene?ts of the 
present invention Will be apparent from the detailed descrip 
tion to folloW. 

DESCRIPTION OF THE DRAWINGS 

The present invention is described in conjunction With the 
folloWing ?gures, Wherein: 

FIG. 1 is a diagram of a prior art resonant-reset forWard 

converter; 
FIG. 2 provides typical Waveforms of input current and 

recti?er output voltage of the resonant-reset forWard con 
verter of FIG. 1; 

FIG. 3 is a diagram of a prior art active-clamp forWard 
converter; 

FIG. 4 provides typical Waveforms of input current and 
recti?er output voltage of the active-clamp forWard con 
verter of FIG. 3. 

FIG. 5 is a diagram of a converter according to one 
embodiment of the present invention; 

FIGS. 6a—k are idealiZed Waveforms illustrating the 
operation of the converter of FIG. 5 according to one 
embodiment of the present invention; and 

FIGS. 7—11 are diagrams of the converter according to 
other embodiments of the present invention. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

FIG. 5 is a diagram of a DC-DC poWer converter 10 
according to one embodiment of the present invention. The 
converter 10 includes an input ?lter 12, a transformer T, a 
pair of primary side sWitches Q1 and Q2, a pair of primary 
side capacitors C1 and C2, a recti?er circuit 13, an output 
?lter 14, and a PWM control circuit 16. The converter 10 
may be used to convert an input voltage Vin to an output 
voltage VOW that may be used to poWer a load (not shoWn). 
As illustrated in FIG. 5, the transformer T may include a 

pair of primary Windings Np1 and Np2, and a pair of 
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4 
secondary Windings Ns1 and Ns2. The input ?lter 12 
includes an inductor Lin and a capacitor Cm. The primary 
side sWitches Q1 and Q2 may be, for example, enhancement 
mode n-channel MOSFETs as illustrated in FIG. 5. The 
recti?er circuit 13 may include a pair of rectifying devices 
Q3 and Q4 that may be, for example, synchronous recti?ers 
such as, for example, enhancement mode n-channel MOS 
FETs as illustrated in FIG. 5, although according to other 
embodiments one or both of the rectifying devices Q3, Q4 
may be diodes. In FIG. 5, the intrinsic body diodes of the 
synchronous MOSFETs Q3, Q4 are shoWn. According to 
other embodiments, discrete diode devices may be con 
nected to the synchronous MOSFETs Q3, Q4 as illustrated 
by the intrinsic body diodes. 

For the embodiment illustrated in FIG. 5, the rectifying 
devices Q3 and Q4 are “self-driven.” That is, the voltages 
across the secondary Windings Ns1 and Ns2 are used to 
control the rectifying devices Q4 and Q3, respectively. As 
illustrated in FIG. 5, the control terminal of the rectifying 
device O3 is coupled to the second secondary Winding Ns2, 
and the control terminal of the rectifying device O4 is 
coupled to the ?rst secondary Winding Ns1. The output ?lter 
14 is coupled to the rectifying devices Q3 and Q4, and may 
include an inductor Lo and a capacitor Co, as illustrated in 
FIG. 5. According to another embodiment, the synchronous 
recti?ers Q3, Q4 may be control-driven by a control circuit 
(not shoWn). 
The PWM control circuit 16 may generate pulse Width 

modulated (PWM) control signals PWM1, PWM2, Which 
are used to control the primary side sWitches Q1 and Q2 
respectively based on the output voltage VOW of the con 
verter 10 to thereby regulate the operation of the converters 
10 to realiZe a desired output voltage V0,”. According to one 
embodiment, the PWM control circuit 16 may include a 
commercially available integrated circuit (IC) such as, for 
example, one of the UCC 3800 series of PWM control ICs 
available from Texas Instruments, Inc. 
The input voltage Vin is coupled through the input ?lter 12 

to the series connections of the primary Windings Np1, Np2 
and the capacitor C1. The ?rst primary side sWitch Q1 
couples the ?rst primary Winding Np1 to the input ?lter 12, 
and also couples the second primary Winding Np2 to the 
capacitor C1. The second primary side sWitch Q2 couples 
the primary Windings Np1, Np2 to the capacitor C2. The 
secondary Windings Ns1, Ns2 and the tWo rectifying devices 
Q3, Q4 may be con?gured as a conventional center-tapped 
recti?er With, as discussed previously, the rectifying devices 
Q3, Q4 driven by the secondary Winding voltages on Ns2 
and Ns1 respectively. The output voltage V0,” is produced by 
the output ?lter 14 from the recti?ed voltage Vrec. 
As such, the ?rst primary Winding Np1, the tWo primary 

side sWitches Q1 and Q2, and the capacitor C2 may form a 
boost converter. (Henceforth, the capacitor C2 is sometimes 
referred to as a “boost capacitor”). Furthermore, the primary 
Winding Np2, the same primary side sWitches Q1 and Q2, 
the capacitors C1 and C2, and the secondary side of the 
converter 10 may form an asymmetrical half-bridge con 
verter 20. (Henceforth, the capacitor C1 is sometimes 
referred to as an “energy storage capacitor”). Thus, the boost 
converter may be fully integrated With the asymmetrical 
half-bridge converter 20. As discussed previously, the output 
of the converter 10 may be regulated by controlling the ON 
and OFF times of the primary side sWitches Q1, Q2 accord 
ing to an asymmetrical half-bridge topology. Accordingly, 
pursuant to one embodiment, the tWo primary side sWitches 
Q1 and Q2 may be turned ON and OFF complementarily by 
the PWM control circuit 16, except that a dead time may be 
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provided by the PWM control circuit 16 to prevent the tWo 
switches Q1, Q2 from being turned ON simultaneously. 
Thus, hereinafter the term “alternately” is used to encompass 
the notion of complementary sWitching of the primary side 
sWitches Q1, Q2 With a short dead time to prevent both 
sWitches from being ON simultaneously. 
Among the features of the converter 10 is that the trans 

former T may be reset by an appropriate voltage each 
sWitching cycle by the boost capacitor C2 depending upon 
the duty cycles of the ?rst primary side sWitch Q1 and the 
input voltage Vin. Therefore, the voltage stress on both the 
primary and secondary sWitches Q1—Q4 may be loWer than 
that in the resonant-reset forWard converter described pre 
viously. Accordingly, the present invention alloWs the use of 
loW voltage rating MOSFETs With improved sWitching and 
conduction characteristics, thus providing enhanced ef? 
ciency. 
An additional feature of the converter 10 of the present 

invention is that the output voltage VOW is continuous, as is 
the case for a standard asymmetrical half-bridge converter. 
As a result, smaller output ?lter components may be utiliZed 
With the present invention. A further feature of the present 
invention is that the input current seen by the input ?lter 12 
has less ripple components Without using an eXtra magnetic 
component. This is because most of the load current 
re?ected to the primary side of the transformer T comes 
from the energy storage capacitor C1, and not from the input 
?lter capacitor Cm. Therefore, small input ?lter components 
may be utiliZed With the present invention. 

Another feature of the present invention is that the volt 
ages on the secondary Windings Ns1, Ns2 may be used to 
drive the rectifying devices Q4, Q3 according to a self-drive 
mechanism, as discussed previously, because the voltage 
throughout the sWitching cycles (d and 1-d, Where d is the 
time period that the sWitch Q1 is ON and 1-d is the time 
period that the sWitch Q1 is OFF) are Well balanced. Yet a 
further feature of the present invention is that the second 
primary side sWitch Q2 turns ON at a Zero voltage condition, 
thus implying higher ef?ciency. In addition, the ?rst primary 
side sWitch Q1, Which processes the full input poWer, turns 
ON at loWer voltage stress. Another feature of the present 
invention is that the transformer T has a DC bias magnetic 
?uX in supporting the boost operation. As a result, the energy 
stored in the magnetiZing/boost inductor (Np1) during the 
?rst interval of the sWitching cycle (d) is drained to the 
secondary side during the second interval of the sWitching 
cycle (1-d). 

The relationship betWeen the input and output voltages for 
the converter 10 of the present invention Will noW be 
discussed. Because the primary Windings Np1, Np2 may be 
magnetically coupled on the same transformer core, the 
voltage on the energy storage capacitor C1, Which is con 
nected to the second primary Winding Np2, tracks the 
voltage appearing on the ?rst primary Winding Np1, Which 
is the input voltage on the capacitor Cm. Therefore, When the 
?rst primary side sWitch Q1 is ON, the change in the 
magnetic ?uX can be regarded as the result of the product 
betWeen the input voltage and the duty cycle. When the 
second primary side sWitch Q2 turns ON, the difference 
betWeen the voltage on the boost capacitor C2 and the 
voltage on the energy storage capacitor C1 is applied to the 
primary Windings Np1 and Np2. Because the ?uX change is 
the same during each interval of the sWitching cycle (d and 
1-d) in the steady state, the relationship betWeen the input 
voltage Vin and the voltage on the boost capacitor C2 (Vdc) 
may be represented by the folloWing relation: 

15 

25 

35 

45 

55 

65 

6 
Where d is the duty cycle of PWM control signals. Equation 
(1) may be reWritten the same as for a conventional boost 
converter according to the relation: 

During the ?rst interval of the sWitching cycle (d), the 
voltage coupled to the ?rst secondary Winding Ns1 is: 

Where V1 is the voltage of the ?rst secondary Winding Ns1 
and Ns/Np is the turns ratio of the transformer T. During the 
second interval of the sWitching cycle (1-d), the voltage on 
the second secondary Winding Ns2 is: 

The total average voltage (VOW) of the recti?er voltage 
(V ) may then be approximated as: rec 

Combining equations (2), (3), (4) and (5), the output voltage 
V may be Written as: out 

VWFZdIC-ANS/NP) (6) 

Thus, from equation (6) it is recogniZed that by controlling 
the duty cycle d, the output voltage V0,” may be regulated, 
and that the duty cycle may be greater than 50%, Which is 
different from conventional asymmetrical half-bridge con 
verters. 

FIGS. 6a—k provide idealiZed Waveforms illustrating the 
operation of the converter 10 in the steady state according to 
one embodiment of the present invention. FIG. 6a illustrates 
the gate-source voltage Vgs1 of the ?rst primary side sWitch 
Q1, and FIG. 6b is the gate-source voltage Vgs2 of the 
second primary side sWitch Q2. As can be seen in FIGS. 6a 
and 6b, the sWitch Q1 is turned ON and the sWitch Q2 is 
turned OFF during the time period t1 to t2. Conversely, 
during the time period t3 to t4, the sWitch Q1 is OFF and the 
sWitch Q2 is ON. In addition, as discussed previously, both 
sWitches Q1 and Q2 are turned OFF during the time periods 
t2 to t3 and t4 and t5. The sWitching cycle may thus be 
de?ned as the time period t1 to t5, With the time period d 
being t1 to t2 and the time period (1-d) being t2 to t5. 

FIG. 6c illustrates the current INF1 in the ?rst primary 
Winding Np1, Which is also the current seen by the input 
?lter 12. FIG. 6a' illustrates the current INF2 ?oWing from the 
second primary Winding Np2 into the energy storage capaci 
tor C1. FIG. 66 illustrates the current IQ1 ?oWing from the 
drain terminal to the source terminal of the ?rst primary side 
sWitch Q1, and FIG. 6f illustrates the current IQ2 ?oWing 
from the drain terminal to the source terminal of the second 
primary side sWitch Q2. FIG. 6g illustrates the voltage VNP2 
applied to the second primary Winding Np2, Which corre 
sponds to the voltage appearing on the ?rst primary Winding 
Np1, assuming a perfect coupling betWeen the tWo primary 
Windings Np1 and Np2. FIG. 6h illustrates the voltage VQ3 
betWeen the drain and source terminals of the rectifying 
device Q3, and FIG. 6i illustrates the voltage VQ4 betWeen 
the drain and source terminals of the rectifying device Q4. 
FIG. 6j illustrates the recti?ed voltage VreC by the rectifying 
devices Q3, Q4. This voltage is averaged by the output ?lter 
14 to yield the output voltage VOW. FIG. 6k illustrates the 
current 10 in the inductor Lo, Which is averaged to yield the 
load current. 
The operation of the converter 10 is noW described With 

reference to FIGS. 6a—k. During the time period t1 to t2, the 
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switch O1 is turned ON and the switch Q2 is turned OFF. 
The input voltage Vin is thus applied to the primary windings 
Np1, Np2, as illustrated in FIGS. 6d, 6, and g. (Note that 
because Np1 and Np2 are of opposite polarity, the current in 
Np1 is positive and the current in Np2 is negative.) Because 
the primary windings Np1, Np2 are coupled on the same 
magnetic core, the voltage on the energy storage capacitor 
C1 equals the input voltage Vin. This voltage is coupled to 
the secondary side of the converter 10 by the transformer T 
according to the turns ratio of the transformer (Ns/Np). The 
rectifying device Q4 is turned ON in this interval because its 
gate-source voltage is positive, and the rectifying device O3 
is turned OFF. As a result, the voltage on the second 
secondary winding Ns2 is applied to the output ?lter 14. At 
the same time, the output inductor Lo current ?ows through 
the rectifying device Q4 and the second secondary winding 
Ns2. This current is re?ected to the primary side windings 
Np1, Np2. The amount of current in each winding Np1, Np2 
is determined by the capacitance associated with the wind 
ings pursuant to the relation: 

(7) 

Because the voltage changes (AV) are kept equal by the 
coupled windings for the same At, the current is proportional 
to the capacitance. Therefore, a large energy storage capaci 
tor C1 may be used relative to the input ?lter capacitor Cm 
so that most current ?ows into the energy storage capacitor 
C1. Accordingly, the input current in the ?rst primary 
winding Np1 has less current ripple. During this time 
interval (t1 to t2), the magnetiZing inductance of the trans 
former T is charged with energy. The total current, including 
the magnetizing current and the re?ected load current, ?ow 
through the switch Q1. 

The interval t2 to t3 is the so-called “dead time” because 
both of the primary side switches Q1, Q2 are OFF. During 
this interval, the energy stored in the magnetiZing inductance 
is about to divert into two paths toward the capacitors C1 
and C2, as the original path through the switch O1 is cutting 
off. When the voltage on the switch O1 is slightly higher 
than the input voltage Vin, the voltages on the secondary 
windings Ns1 and Ns2 change polarity. As a result, the 
rectifying device Q3 conducts current through the ?rst 
secondary winding Ns1, and the current in the second 
primary winding Np2 changes direction. 

During the interval t3 to t4, the switch O2 is turned ON 
and the switch O1 is kept OFF. Because the voltage on the 
boost capacitor C2 is greater than the voltage on the energy 
storage capacitor C1, the primary winding Np2 sees a 
reversed voltage. This voltage resets the magnetiZing ?uX of 
the transformer T, and also keeps the rectifying device Q3 
turned ON. As a result, the voltage on the ?rst secondary 
winding Ns1 is applied to the output ?lter 14. The output 
inductor Lo current ?ows from the ?rst secondary winding 
Ns1 to the load and returns through the rectifying device Q3. 
In addition, the current in the ?rst secondary winding Ns1 is 
re?ected back to the primary side. The distribution of the 
current in the primary windings is similar to the time interval 
of t1—t2. The net current in the ?rst primary winding Np1 is 
composed of the magnetiZing current and a part of the load 
current. The design of the converter 10 ensures that most of 
load current ?ows into the second primary winding Np2. 
Therefore, the current in the ?rst primary winding Np1 is the 
sum of the magnetiZing current and a lesser amount of the 
load current. The net current ?owing into the boost capacitor 
is Zero because the average voltage doe not change in steady 
state. Therefore, a small MOSFET may be used for the 
switch Q2. 
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During the time interval t4 to t5, both of the primary side 

switches Q1, Q2 are again turned OFF. As the switch Q2 
turns OFF, the magnetiZing current must ?ow through the 
energy storage capacitor C1. Even though the voltage on the 
switch Q2 drops to approximately the input voltage Vin, the 
current in the ?rst secondary winding Ns1 does not change 
its direction until the switch O1 is turned ON. After time t5, 
the cycle (from t1 to t5) is repeated. 

FIGS. 7—9 are diagrams of the converter 10 according to 
other embodiments of the present invention. In FIG. 7, the 
capacitor C2 is connected in series with the capacitor C1. In 
FIG. 8, the capacitor C2 is connected to the input ?lter 
capacitor Cm and the drain terminal of the switch Q2. The 
converter of FIG. 9 is similar to that of FIG. 5, eXcept that 
the switch Q2 has been replaced with a p-channel MOSFET 
and is connected between the capacitor C2 and the source 
terminal of the switch Q1. According to such an 
embodiment, the switches Q1 and Q2 may be driven by two 
PWM control signals referred to the same ground. No 
?oating gate driver is necessary. 

FIG. 10 is a diagram of the secondary side of the converter 
10 according to another embodiment of the present inven 
tion. In FIG. 10, the transformer T includes one secondary 
winding Ns. The control terminal of the rectifying device O3 
is connected to one terminal of the secondary winding Ns, 
and the control terminal of the rectifying device O4 is 
connected to the other terminal. A pair of series-connected 
output inductors L01, L02 is connected in parallel with the 
rectifying devices Q3, Q4. The output capacitor C0 is 
connected between a node between the output inductor L01, 
L02 and a node between the rectifying devices Q3, Q4. The 
topology of FIG. 10 corresponds to the so-called current 
doubler con?guration. 

FIG. 11 is a diagram of the converter 10 according to 
another embodiment of the present invention. The converter 
10 of FIG. 11 is similar to that of FIG. 5 eXcept that the input 
capacitor Cm is removed. Such an embodiment may be 
utiliZed where, for eXample the input capacitor Cm is so 
small that its removal does not adversely affect the perfor 
mance of the converter 10. 

Although the present invention has been described herein 
with respect to certain embodiments, those of ordinary skill 
in the art will recogniZe that many modi?cations and varia 
tions of the present invention may be implemented. The 
foregoing description and the following claims are intended 
to cover all such modi?cations and variations. 
What is claimed is: 
1. A converter, comprising: 

an input ?lter; 
an asymmetrical half-bridge converter including a trans 

former including a ?rst primary winding and at least 
one secondary winding, ?rst and second switches 
which, when energiZed alternately, create an alternating 
current through the ?rst primary winding, a ?rst capaci 
tor connected to the ?rst primary winding, a second 
capacitor connected to the second switch and coupled 
across the ?rst and second switches, and a recti?er 
circuit connected to the secondary winding; and 

a second primary winding magnetically coupled to the 
?rst primary winding, wherein the input ?lter, the ?rst 
primary winding and the second primary winding are 
connected in series. 

2. The converter of claim 1, wherein the ?rst capacitor has 
a ?rst terminal connected to the ?rst primary winding, and 
wherein the second capacitor is connected between the 
second switch and a second terminal of the ?rst capacitor. 
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3. The converter of claim 1, wherein: 
the ?rst switch is a n-channel MOSFET; and 
the second sWitch is a n-channel MOSFET. 
4. The converter of claim 1, Wherein: 
the transformer of the asymmetrical half-bridge converter 

includes ?rst and second secondary Windings; and 
the recti?er circuit includes ?rst and second self-driven 

synchronous recti?ers. 
5. The converter of claim 4, Wherein: 
a second terminal of the ?rst secondary Winding is con 

nected to a ?rst terminal of the second secondary 
Winding; 

the ?rst synchronous recti?er includes a control terminal 
connected to a second terminal of second secondary 
Winding, a ?rst terminal connected to a ?rst terminal of 
the ?rst secondary Winding, and a second terminal; and 

the second synchronous recti?er includes a control ter 
minal connected to the ?rst terminal of ?rst secondary 
Winding, a ?rst terminal connected to the second ter 
minal of the second secondary Winding, and a second 
terminal connected to the second terminal of the ?rst 
synchronous recti?er. 

6. The converter of claim 1, further comprising a current 
doubler circuit connected to recti?er circuit. 

7. A converter, comprising: 
a transformer including ?rst and second series-connected 

primary Windings and ?rst and second series-connected 
secondary Windings; 

?rst and second primary side sWitches Which, When 
energiZed alternately, create an alternating current 
through the second primary Winding; 

an input ?lter connected in series With the ?rst and second 
series-connected primary Windings; 

a ?rst capacitor connected in series to the second primary 
Winding; 

a second capacitor connected to the second primary side 
sWitch and coupled across the ?rst and second side 
primary sWitches; 

a ?rst synchronous recti?er having a control terminal 
responsive to a voltage across the ?rst secondary Wind 
ing; 

a second synchronous recti?er having a control terminal 
responsive to a voltage across the second secondary 
Winding; and 

an output ?lter connected to the ?rst and second synchro 
nous recti?ers. 

8. The converter of claim 7, Wherein 
the ?rst primary side sWitch includes a ?rst terminal 

connected to the ?rst primary Winding; 
the second primary side sWitch includes a ?rst terminal 

connected to the ?rst terminal of the ?rst primary side 
sWitch; and 

the second capacitor includes a ?rst terminal connected to 
a second terminal of the second primary side sWitch 
and a second terminal connected to a second terminal 
of the ?rst primary side sWitch. 

9. A converter, comprising: 
an asymmetrical half-bridge converter including a trans 

former including a ?rst primary Winding and at least 
one secondary Winding, ?rst and second sWitches 
Which, When energiZed alternately, create an alternating 
current through the ?rst primary Winding, a ?rst capaci 
tor connected to the ?rst primary Winding, a second 
capacitor connected to the second sWitch, and a recti?er 
circuit connected to the secondary Winding, and 
Wherein: 
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the ?rst capacitor has a ?rst terminal connected to the 

?rst primary Winding; and 
the second capacitor is coupled across the ?rst and 

second sWitches and connected betWeen the second 
sWitch and a second terminal of the ?rst capacitor; 
and 

a second primary Winding magnetically coupled to the 
?rst primary Winding and connected in series With the 
?rst primary Winding. 

10. A converter, comprising: 
an asymmetrical half-bridge converter including a trans 

former including a ?rst primary Winding, ?rst and 
second secondary Windings, and ?rst and second 
sWitches Which, When energiZed alternately, create an 
alternating current through the ?rst primary Winding, a 
?rst capacitor connected to the ?rst primary Winding, a 
second capacitor connected to the second sWitch and 
coupled across the ?rst and second sWitches, and a 
recti?er circuit connected to the secondary Winding, 
Wherein the recti?er circuit includes ?rst and second 
self-driven synchronous recti?ers, Wherein: 
a second terminal of the ?rst secondary Winding is 

connected to a ?rst terminal of the second secondary 
Winding; 

the ?rst synchronous recti?er includes a control termi 
nal connected to a second terminal of the second 
secondary Winding, a ?rst terminal connected to a 
?rst terminal of the ?rst secondary Winding, and a 
second terminal; and 

the second synchronous recti?er includes a control 
terminal connected to the ?rst terminal of the ?rst 
secondary Winding, a ?rst terminal connected to the 
second terminal of the second secondary Winding, 
and a second terminal connected to the second 
terminal of the ?rst synchronous recti?er; and 

a second primary Winding magnetically coupled to the 
?rst primary Winding and connected in series With the 
?rst primary Winding. 

11. A converter, comprising: 
an asymmetrical half-bridge converter including a trans 

former including a ?rst primary Winding and at least 
one secondary Winding, ?rst and second sWitches 
Which, When energiZed alternately, create an alternating 
current through the ?rst primary Winding, a ?rst capaci 
tor connected to the ?rst primary Winding, a second 
capacitor connected to the second sWitch and coupled 
across the ?rst and second sWitches, and a recti?er 
circuit connected to the secondary Winding; 

a second primary Winding magnetically coupled to the 
?rst primary Winding and connected in series With the 
?rst primary Winding; and 

an inductor connected in series With the second primary 
Winding. 

12. A converter, comprising: 
an asymmetrical half-bridge converter including a trans 

former including a ?rst primary Winding and at least 
one secondary Winding, ?rst and second sWitches 
Which, When energiZed alternately, create an alternating 
current through the ?rst primary Winding, a ?rst capaci 
tor connected to the ?rst primary Winding, a second 
capacitor connected to the second sWitch and coupled 
across the ?rst and second sWitches, and a recti?er 
circuit connected to the secondary Winding; 

a second primary Winding magnetically coupled to the 
?rst primary Winding and connected in series With the 
?rst primary Winding; and 
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a current doubler circuit connected the recti?er circuit. 
13. A converter, comprising: 
a transformer including ?rst and second series-connected 

primary Windings and ?rst and second series-connected 
secondary Windings; 

?rst and second primary side sWitches Which, When 
energized alternately, create an alternating current 
through the second primary Winding, Wherein the ?rst 
primary side sWitch includes a ?rst terminal connected 
to the ?rst primary Winding and Wherein the second 
primary sWitch includes a ?rst terminal connected to 
the ?rst terminal of the ?rst primary sWitch; 

a ?rst capacitor connected in series to the second primary 
Winding; 

a second capacitor connected to the second primary side 
sWitch and coupled across the ?rst and second primary 
side sWitches, Wherein the second capacitor includes a 
?rst terminal connected to a second terminal of the 
second primary side sWitch and a second terminal 
connected to a second terminal of the ?rst primary side 
sWitch; 

a ?rst synchronous recti?er having a control terminal 
responsive to a voltage across the ?rst secondary Wind 
ing; 

a second synchronous recti?er having a control terminal 
responsive to a voltage across the second secondary 
Winding; and 

an output ?lter connected to the ?rst and second synchro 
nous recti?ers. 

14. A converter, comprising: 
a transformer having ?rst and second series-connected 

primary Windings; 
a ?rst capacitor having a ?rst terminal connected in series 

to the second primary Winding; 
a ?rst sWitch for cyclically coupling an input voltage to 

the ?rst and second primary Windings; 
a second capacitor; and 
a second sWitch for cyclically coupling the ?rst and 

second primary Windings to the second capacitor, 
Wherein the second capacitor is connected betWeen the 
second sWitch and a second terminal of the ?rst capaci 
tor. 

15. The converter of claim 14, Wherein: 
the ?rst sWitch is a n-channel MOSFET; and 
the second sWitch is a n-channel MOSFET. 
16. The converter of claim 14, further comprising a 

control circuit for alternately driving the ?rst and second 
sWitches such that the ?rst and second sWitches are not 
simultaneously conductive. 

17. The converter of claim 16, further comprising an input 
?lter connected to the ?rst primary Winding. 

18. The converter of claim 16, further comprising an 
inductor connected in series With the ?rst primary Winding. 

19. The converter of claim 16, Wherein the transformer 
includes ?rst and second series-connected secondary 
Windings, and further comprising: 

a ?rst rectifying device connected to the ?rst secondary 
Winding; and 

a second rectifying device connected to the second sec 
ondary Winding. 

20. The converter of claim 19, Wherein at least one of the 
?rst and second rectifying devices includes a MOSFET. 

21. The converter of claim 19, Wherein: 
the ?rst rectifying device is a self-driven MOSFET; and 
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12 
the second rectifying device is a self-driven MOSFET. 
22. The converter of claim 16, Wherein the transformer 

includes ?rst and second series-connected secondary 
Windings, Wherein a second terminal of the ?rst secondary 
Winding is connected to a ?rst terminal of the second 
secondary Winding, and further comprising: 

a ?rst synchronous recti?er having a control terminal 
connected to a second terminal of second secondary 
Winding, a ?rst terminal connected to a ?rst terminal of 
the ?rst secondary Winding, and a second terminal; and 

a second synchronous recti?er having a control terminal 
connected to the ?rst terminal of ?rst secondary 
Winding, a ?rst terminal connected to the second ter 
minal of the second secondary Winding, and a second 
terminal connected to the second terminal of the ?rst 
synchronous recti?er. 

23. The converter of claim 22, further comprising an 
output ?lter connected betWeen the second terminal of the 
?rst secondary Winding and the second terminal of the ?rst 
synchronous recti?er. 

24. The converter of claim 16, Wherein the transformer 
includes a secondary Winding, and further comprising a 
current doubler circuit connected to the secondary Winding. 

25. A converter, comprising: 
a transformer having ?rst and second series-connected 

primary Windings; 
a ?rst capacitor having a ?rst terminal connected in series 

to the second primary Winding; 
a ?rst sWitch for cyclically coupling an input voltage to 

the ?rst and second primary Windings; 
a second capacitor; and 

a second sWitch for cyclically coupling the ?rst and 
second primary Windings to the second capacitor, 
Wherein the second capacitor is connected betWeen the 
second sWitch and a ?rst terminal of the ?rst capacitor. 

26. The converter of claim 25, Wherein: 
the ?rst sWitch is a n-channel MOSFET; and 
the second sWitch is a n-channel MOSFET. 
27. The converter of claim 25, further comprising a 

control circuit for alternately driving the ?rst and second 
sWitches such that the ?rst and second sWitches are not 
simultaneously conductive. 

28. The converter of claim 27, further comprising an input 
?lter connected to the ?rst primary Winding. 

29. The converter of claim 27, further comprising an 
inductor connected in series With the ?rst primary Winding. 

30. The converter of claim 27, Wherein the transformer 
includes ?rst and second series-connected secondary 
Windings, and further comprising: 

a ?rst rectifying device connected to the ?rst secondary 
Winding; and 

a second rectifying device connected to the second sec 
ondary Winding. 

31. The converter of claim 30, Wherein at least one of the 
?rst and second rectifying devices includes a MOSFET. 

32. The converter of claim 30, Wherein: 
the ?rst rectifying device is a self-driven MOSFET; and 
the second rectifying device is a self-driven MOSFET. 
33. The converter of claim 27, Wherein the transformer 

includes ?rst and second series-connected secondary 
Windings, Wherein a second terminal of the ?rst secondary 
Winding is connected to a ?rst terminal of the second 
secondary Winding, and further comprising: 

a ?rst synchronous recti?er having a control terminal 
connected to a second terminal of second secondary 
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Winding, a ?rst terminal connected to a ?rst terminal of 
the ?rst secondary Winding, and a second terminal; and 

a second synchronous recti?er having a control terminal 
connected to the ?rst terminal of ?rst secondary 
Winding, a ?rst terminal connected to the second ter 
minal of the second secondary Winding, and a second 
terminal connected to the second terminal of the ?rst 
synchronous recti?er. 

34. The converter of claim 33, further comprising an 
output ?lter connected betWeen the second terminal of the 
?rst secondary Winding and the second terminal of the ?rst 
synchronous recti?er. 

35. The converter of claim 27, Wherein the transformer 
includes a secondary Winding, and further comprising a 
current doubler circuit connected to the secondary Winding. 

36. The converter of claim 27, Wherein the transformer 
includes a secondary Winding, and further comprising a 
current doubler circuit connected to the secondary Winding. 

37. A converter, comprising: 
a transformer having ?rst and second primary Windings, 

Wherein the ?rst primary Winding includes a ?rst ter 
minal and a second terminal, and Wherein the second 
terminal of the ?rst primary Winding is series 
connected to the second primary Winding; 

a ?rst capacitor connected in series to the second primary 
Winding; 

a ?rst sWitch for cyclically coupling an input voltage to 
the ?rst and second primary Windings; 

a second capacitor; and 
a second sWitch for cyclically coupling the ?rst and 

second primary Windings to the second capacitor, 
Wherein the second capacitor is connected betWeen the 
second switch and the ?rst terminal of the ?rst primary 
Winding. 

38. The converter of claim 37, Wherein: 
the ?rst sWitch is a n-channel MOSFET; a 
the second sWitch is a n-channel MOSFET. 
39. The converter of claim 37, further comprising a 

control circuit for alternately driving the ?rst and second 
sWitches such that the ?rst and second sWitches are not 
simultaneously conductive. 

40. The converter of claim 39, further comprising an input 
?lter connected to the ?rst primary Winding. 

41. The converter of claim 40, further comprising an 
inductor connected in series With the ?rst primary Winding. 

42. The converter of claim 40, Wherein the transformer 
includes ?rst and second series-connected secondary 
Windings, and further comprising: 

a ?rst rectifying device connected to the ?rst secondary 
Winding; and 

a second rectifying device connected to the second sec 
ondary Winding. 

43. The converter of claim 42, Wherein at least one of the 
?rst and second rectifying devices includes a MOSFET. 

44. The converter of claim 42, Wherein: 
the ?rst rectifying device is a self-driven MOSFET; and 
the second rectifying device is a self-driven MOSFET. 
45. The converter of claim 39, Wherein the transformer 

includes ?rst and second series-connected secondary 
Windings, Wherein a second terminal of the ?rst secondary 
Winding is connected to a ?rst terminal of the second 
secondary Winding, and further comprising: 

a ?rst synchronous recti?er having a control terminal 
connected to a second terminal of second secondary 
Winding, a ?rst terminal connected to a ?rst terminal of 
the ?rst secondary Winding, and a second terminal; and 
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a second synchronous recti?er having a control terminal 

connected to the ?rst terminal of ?rst secondary 
Winding, a ?rst terminal connected to the second ter 
minal of the second secondary Winding, and a second 
terminal connected to the second terminal of the ?rst 
synchronous recti?er. 

46. The converter of claim 45, further comprising an 
output ?lter connected betWeen the second terminal of the 
?rst secondary Winding and the second terminal of the ?rst 
synchronous recti?er. 

47. A converter, comprising: 
a transformer having ?rst and second series-connected 

primary Windings, Wherein a second terminal of the 
?rst primary Winding is connected to a ?rst terminal of 
the second primary Winding; 

a ?rst sWitch for cyclically coupling an input voltage to 
the ?rst primary Winding, Wherein the ?rst sWitch 
includes a ?rst terminal connected to the second ter 
minal of the ?rst primary Winding; 

a ?rst capacitor connected to a second terminal of the 
second primary Winding; 

a second sWitch having a ?rst terminal connected to the 
second terminal of the ?rst primary Winding; and 

a second capacitor connected to a second terminal of the 
second sWitch, Wherein the second capacitor includes a 
?rst terminal connected to the second terminal of the 
second sWitch and a second terminal connected to the 
second terminal of the ?rst sWitch. 

48. The converter of claim 47, further comprising a 
control circuit for alternately driving the ?rst and second 
sWitches such that the ?rst and second sWitches are not 
simultaneously conductive. 

49. The converter of claim 47, further comprising an input 
?lter connected to a ?rst terminal of the ?rst primary 
Winding. 

50. The converter of claim 47, further comprising an 
inductor connected in series With the ?rst primary Winding. 

51. The converter of claim 47, Wherein the transformer 
includes ?rst and second series-connected secondary 
Windings, Wherein a second terminal of the ?rst secondary 
Winding is connected to a ?rst terminal of the second 
secondary Winding, and further comprising: 

a ?rst synchronous recti?er having a control terminal 
connected to a second terminal of the second secondary 
Winding, a ?rst terminal connected to a ?rst terminal of 
the ?rst secondary Winding, and a second terminal; and 

a second synchronous recti?er having a control terminal 
connected to the ?rst terminal of ?rst secondary 
Winding, a ?rst terminal connected to the second ter 
minal of the second secondary Winding, and a second 
terminal connected to the second terminal of the ?rst 
synchronous recti?er. 

52. The converter of claim 51, further comprising an 
output ?lter connected betWeen the second terminal of the 
?rst secondary Winding and the second terminal of the ?rst 
synchronous recti?er. 

53. The converter of claim 47, Wherein the transformer 
includes a secondary Winding, and further comprising a 
current doubler circuit connected to the secondary Winding. 

54. A converter, comprising: 
a transformer having ?rst and second series-connected 

primary Windings, Wherein a second terminal of the 
?rst primary Winding is connected to a ?rst terminal of 
the second primary Winding; 

a ?rst sWitch for cyclically coupling an input voltage to 
the ?rst primary Winding, Wherein the ?rst sWitch 
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includes a ?rst terminal connected to the second ter 
minal of the ?rst primary Winding; 

a ?rst capacitor connected to a second terminal of the 
second primary Winding; 

a second sWitch having a ?rst terminal connected to the 
second terminal of the ?rst primary Winding; and 

a second capacitor connected to a second terminal of the 
second sWitch, Wherein the second capacitor includes a 
?rst terminal connected to the second terminal of the 
second sWitch and a second terminal connected to a 
?rst terminal of the ?rst primary Winding. 

55. The converter of claim 54, further comprising a 
control circuit for alternately driving the ?rst and second 
sWitches such that the ?rst and second sWitches are not 
simultaneously conductive. 

56. The converter of claim 54, further comprising an input 
?lter connected to a ?rst terminal of the ?rst primary 
Winding. 

57. The converter of claim 54, further comprising an 
inductor connected in series With the ?rst primary Winding. 

58. The converter of claim 54, Wherein the transformer 
includes ?rst and second series-connected secondary 

16 
Windings, Wherein a second terminal of the ?rst secondary 
Winding is connected to a ?rst terminal of the second 
secondary Winding, and further comprising: 

a ?rst synchronous recti?er having a control terminal 
connected to a second terminal of the second secondary 
Winding, a ?rst terminal connected to a ?rst terminal of 
the ?rst secondary Winding, and a second terminal; and 

a second synchronous recti?er having a control terminal 
connected to the ?rst terminal of ?rst secondary 
Winding, a ?rst terminal connected to the second ter 
minal of the second secondary Winding, and a second 
terminal connected to the second terminal of the ?rst 
synchronous recti?er. 

59. The converter of claim 58, further comprising an 
output ?lter connected betWeen the second terminal of the 
?rst secondary Winding and the second terminal of the ?rst 
synchronous recti?er. 

60. The converter of claim 54, Wherein the transformer 
includes a secondary Winding, and further comprising a 
current doubler circuit connected to the secondary Winding. 

* * * * * 


